Use of supplemental fat in the ration of ruminants is increasing. This review provides the recent knowledge on the effect of supplemental fat in ruminants' diets. In addition, the effect of supplemental fat on the nutrient intake, nutrient digestibility and body weight gain are also discussed. Research conducted on dairy cows shows that extra fat addition decreases dry matter intake (DMI) with the negative effect on digestibility. Gut peptides released in response to extra fat which have negative effect on DMI. This effect is not perceived in ewes and goats. The addition of fat in the diets of ruminants decreased the nutrient digestibility either due to protection of fiber from fermentation or toxic effect on cellulolytic microbes. The supplementation of fat is the good strategy for early lactating cows as fat addition increased the energy density. The trend to use supplemental fat is increasing because fats have 2.25 times more gross energy than carbohydrates.
INTRODUCTION
Interest of supplementary fat in the ruminant's diet has currently increased. The aim to add fat sources in the ruminant diets is to reduce the medium chain saturated fatty acids and to increase the beneficial fatty acids (Lock and Bauman, 2004) . Recommended feeding level for fat supplements is up to 3% of DMI (NRC, 2001 ). Staples (2006) reported that supplementing cows with fat can have many beneficial effects; usually increment in the energy density of the diet resulting in increased milk production and feed efficiency, which usually translates into more profit. Harvatine and Allen (2005) explained that less heat may be produced in the rumen during digestion of fat supplemented diets, as fatty acids are not digested in the rumen. Adding fat to the diet increases energy density without increasing rumen acid production, thus stabilizing ruminal pH relative to addition of grain. The supplementation of fat in the diets of cows negatively affects the DMI. This effect depends on the source of fat supplement. On the other hand, fat addition in ewes and goat diets did not show any negative effect on DMI. Addition of fat in diets increases energy density without either increasing starch content or sacrificing fiber intake consumption of fat results in less metabolic heat that must be dissipated; therefore, fat supplementation may by particularly beneficial when environmental temperature and humidity are high and cows are heat stressed. Feeding fat during heat stress may serve a dual function. Firstly, it lesser the heat load of animals because less heat is generated during digestion and metabolism of fat relative to protein and carbohydrate. Secondly, it increases energy density of the diet during periods when feed intake is likely to be depressed. Nutrient digestibility decreases by extra fat addition so hydrogenation process is required to enhance the melting point of fat or oil and decrease its solubility in ruminal fluid. Hydrogenated fats have rare negative effects on ruminal fermentation and nutrient digestion. Differences between fat supplements may be ratios of individual FA, levels of saturation, and the level to which the fat is protected from processing in the rumen (Allen, 2000) . Effect of supplemental fat on dry matter intake: In early lactation, dairy animals have a large requirement for energy but intake of energy may be limited by capacity for DMI. Addition of fat sources such as whole oilseeds or tallow in the diet may improve the energy status of high producing dairy animals but the net result depends on the effects of supplemental fat on DM intake, fatty acid digestibility and milk production. The DMI in dairy animals fed diets containing supplemental fat is affected by the source of supplemental fat, fatty acid composition, chain-length and degree of saturation of fatty acid, level of fat added and premixing treatment of supplemental fat. The addition of fat sources decreases the DMI but most of the research on ruminants has not shown the negative impacts on DMI (Table 1) . Dietary fat inclusion leads to the reduction of DMI which may be the result of 1) increment of ruminating time with negative impacts on rumen digestion 2) delayed rumen emptying period by metabolic effect of long chain FA (Chilliard et al., 1993) . Pantoja et al. (1994) reported decrement in organic matter intake combined with the decrease of rumen digestibility of neutral detergent fiber (NDF). It is may be due to the unsaturation of included fat. A parallel drop of 3.1 kg/d in DMI reported by decreasing 10.1% in acid detergent fiber (ADF) digestibility (Martin et al., 2008) . This parallel drop is not clear in goats. Silva et al. (2007) compared the results of soybean oil and ground soybean inclusion with control diet. It was found that decrease in 10% NDF digestibility leads to 0.3 kg/d reduction in DMI, although ground soybean lessened the DMI by exact amount without disturbing NDF digestibility. Abomasal infusions of free FA and oils determined the metabolic impact of fat source. Corresponding free FA, unsaturated fatty acids and triacylglycerol infusions decreased the DMI linearly (Litherland et al., 2005) . Extra fat addition in diet decreased the DMI in ruminants but Perez-Alba et al. (1997) reported that the extra fat inclusion (1.3g extra fat/kg live weight or 120g/d of calcium salts of olive oil FA) did not lower the DMI. Decline in the DMI is also observed by Brown-Crowder et al. (2001) with extra fat inclusion. The daily intake of fat decreased DMI in dairy animals (Litherland et al., 2005) .
Effect of supplemental fat on nutrient digestibility:
Published data on effect of fat supplementation on nutrient digestibility and body weight gain of ruminants is summarized in Table 3 . Although it is beneficial to add fat to a diet to increase its energy density, liquid fat is adsorbed on particulate matter in the rumen and appears to either 'protect' fiber from fermentation or is toxic to cellulolytic organisms. Both effects reduce the digestibility of fiber in the rumen. Therefore, the process of hydrogenation is needed to increase the melting point of fat or oil and decrease its solubility in ruminal fluid. Hydrogenated fats have few negative effects on ruminal fermentation and digestion of nutrients. Digestibility of the dry matter (DM) and ether extract (EE) in lambs given diets with soybean oil was more and inclined to digest more crude protein (CP), but fat type did not affect the NDF digestibility (Foroozandeh et al., 2014) . Piantoni et al. (2013) reported that palmitic acid enhanced the total tract digestibility of NDF (39.0 vs. 35.7%) and organic matter (67.9 vs. 66.2%) while the CP digestibility enhanced by 3.3%. Brask et al. (2013) observed digestibility unaffected by rapeseed oil addition in the diet. Ground flaxseed enhanced the nutrient digestibility of fat by provision of more amount of oil in the rumen than ungrounded (Silva et al., 2007) . Unsaturated fats are more digestible than saturated fats , therefore hydrogenated palm oil had lower digestibility than calcium salts of palm fatty acids (Weiss and Wyatt, 2004) . The inclusion of supplemental fat did not decrease or increase the nutrient digestibility (Benchaar et al., 2012) . Effect of supplemental fat on milk yield: In addition to maintenance requirements, lactating dairy animals need nutrients for milk and fat secretion. Production by these animals is adversely affected when energy intake is not sufficient to meet their production requirements. Production and persistency can be improved by addition of supplemental fat. Generally fat inclusion in diet increased the milk production clearly compared with control diet. This production increment is more with the higher degree of saturation, provision of encapsulated fats or calcium salts or palm oil. The relationship between extra fat inclusion and milk production is curvilinear in ruminants. To a certain level of fat inclusion in diet leads to increased milk production and after that level milk yield decrease (BrownCrowder et al., 2001; Gargouri et al., 2006) . Increment in milk yield at lower fat addition is due the energy concentration of feed consumed. The reason of reduced milk production by extra fat inclusion is the combined negative effect on digestion and DMI. Milk yield decrement in studies by Martin et al. (2008) in cows and Silva et al. (2007) in goats by extra fat addition (5.7% in the diets of former study and 4.5% in those of latter) compared with animals given control diets without fat inclusion was parallel with DMI and fibrous carbohydrate digestibility. The DMI and milk production was similar with control diet but 24% decrease in NDF digestibility observed when diet included with 5.1% of soybean oils, rapeseed or rice (Maia et al., 2006a; 2006b) . Effect of supplemental fat on milk composition: The impact of fat source on milk fat in cows depends on rumen digestion. This is ultimately related to the degree of saturation and fat sources protection by rumen microbes (Doreau and Chilliard, 1992) . Regarding the protected fat, encapsulated plant oils increase milk fat content more than calcium salts of palm oil FA because latter increase milk production by dilution effect. Extruded oilseeds decrease milk fat content more than when treated and untreated in other ways. Gonthier et al. (2005) reported that 12.7% of extruded linseed in control diet reduced milk fat by 0.26% but fat content enhanced 0.20% and 0.14% when the same linseed was raw or micronized, respectively. The inclusion of various fat sources and origin (plants, calcium salts, animals, whole oilseeds) in the diets of the ewes and goats generally enhance the milk fat content (Table 2) . Increasing inclusion level of fats in the diets of the ewes and goats resulted in linear increase of milk fat content (Rotunno et al., 1998; Brown-Crowder et al., 2001; Casals et al., 2006) . At the beginning of lactation milk fat content is generally greater than end of the lactation. During the suckling period (up to 35 days of lactation) the milk fat/kg content was found higher than in milking period (Pérez-Alba et al., 1997; Casals et al., 2006 ). Cow's milk fat content is negatively affected by non-protected fat sources. There are different metabolic and digestive causes which advanced to explain this negative effect. The reduction in short and medium chain FA is reported as limited milk secretion by Glasser et al. (2007) , which may be due to decrease in volatile FA production in rumen and long chain FA has negative metabolic impact on mammary enzymes (Chilliard and Ferlay, 2004) . Sampelayo et al. (2007) reported that this negative impact of non-protected fat is decreased by rumen transit in goats and ewes. Inclusion of fat in diet decreased the milk protein compared to the diet without fat in cows and ewes. This effect is not evident in goats (Table 2) . After the peak lactation the negative impact is greater in cows and enhanced with the degree of unsaturation without regarding fat source (Wu and Huber, 1994; Schroeder et al., 2004) . This protein content reduction is related to the reduction of milk casein when fat added diets were given. Reduced protein and casein content were observed by DePeters et al. (1987) when 3.5% and 7% extra fat added to diet compared to the control diet (1.2g protein and 0.9g casein/kg of milk). Milk casein, protein and casein/protein ratio also reduced by fat addition (Doreau and Chilliard, 1992) . Reduction in protein and casein (46.5g/kg and 35.4g/kg) content of milk obtained by Zhang et al. (2006) compared to the control diet (47.6g/kg and 36.7g/kg) or diet fed with linseed (47.1g/kg and 36.1g/kg). In goats, content of milk are not negatively affected by level of inclusion, fat source or degree of unsaturation (Brown-Crowder et al., 2001; Fernandes et al., 2008) . 
Conclusions:
This review summarizes literature data on effect of supplementary fat on the DMI, nutrient digestibility, milk production and composition in ruminants. Addition of supplementary fat in the diet of ruminants causes reduction in the DMI. The decrease in DMI is related to the source of supplemental fat, fatty acid composition, chain-length and degree of saturation of fatty acid, level of fat added and pre-mixing treatment of supplemental fat. The digestibility of DM and crude fat increase whereas the digestibility of fiber decreases with the addition of fats in ruminant's diet. Unsaturated fats are more digestible than saturated. Supplementary fat shows positive effect on milk production. In rare cases, milk yield decreased by extra fat addition due to combined negative effect of DMI and nutrient digestibility. The data indicates that supplemental fat inclusion in diet increases the fat content in the milk while the milk protein decreases. The effect of supplementary fat on milk yield and composition depends on the type and source of supplementary fat.
